SUMMARY Normal subjects and Parkinsonian patients performed a bimanual load lifting task. In this task, one "postural" forearm, held in a horizontal position while supporting a 1 kg weight, was unloaded either by the experimenter's hand (imposed unloading) or by the subject's other hand in response to a tone burst (voluntary unloading). The variables recorded were reaction time (RT: time interval between the tone and beginning of unloading) and movement time (MT: duration of the change in force measured by a force platform on the "postural" forearm). Elbow angle changes were also measured with a potentiometer. The EMG activity from brachioradialis of the "postural" arm and that from the biceps of the "active" arm were recorded. The Parkinsonian patients showed an increase in both RT and MT and an impairment of the co-ordination between movement and posture which was reflected in an increase in amplitude of the elbow rotation after voluntary unloading. Moreover, the decrease in EMG activity in the brachioradialis of the postural arm during unloading was less in Parkinsonian patients than in the normal group. This disorder of postural command was often accompanied by a lack of anticipatory EMG changes. Comparison between treated and non-treated patients showed that dopamine agonists brought about recovery of both RT and MT but did not improve postural co-ordination. The co-ordination was less impaired when the voluntary unloading was performed by the preferred hand. Several hypotheses are discussed concerning the mechanism underlying this impaired co-ordination.
anticipatory postural adjustment has been shown to occur in the lower limbs when a voluntary movement is performed by the upper limbs.4" This postural adjustment compensates in advance for the effects the voluntary movement will have on the body's overall equilibrium.6 Its adaptation to changes in the postural constraints or in the movement parameters has been described.7 8 In a situation involving a local disturbance of an upper limb, early postural adjustments have been observed to occur in the limb segments responsible for postural maintenance. 9 The postural command is said in such cases to be anticipatory because the electromyographic activity corresponding to the postural adjustment occurs prior to the actual mechanical changes in posture resulting from the initial disturbance.10
There exists a comparable approach to the problem of posture and movement co-ordination, based on the use of a bimanual unloading task. Hugon et al" have
shown that the position of a weight-supporting forearm changes very little when the weight is taken over by the contralateral hand. EMG recordings have Performance of a bimanual load-lifting task by Parkinsonian patients shown that an inhibition in the brachioradialis muscle precedes the onset of the change in force caused by the voluntary unloading by the opposite hand, indicating an anticipatory postural adjustment. '2 It has been reported that in Parkinson's disease, these anti-gravitational postural adjustments are often impaired. 3 Traub et al '3 have shown that in Parkinsonian patients, an externally applied disturbance of the upper limb is often accompanied by a defective anticipatory postural adjustment at sural triceps level. Parkinson's disease has also been reported to involve a disturbance of the variables characteristic of voluntary movements, such as the lengthening of reaction time and movement time. '4 16 The aim of the present study was to analyse postural and kinetic co-ordination in a bimanual unloading task. We attempted to assess the impairment of postural adjustment displayed by one arm in association with a voluntary movement performed by the other. Furthermore, two additional problems were investigated in connection with the Parkinsonian patients. The first specifically concerned the effects of treatment with dopamine agonists; and the second concerned the effects of handedness in the bimanual task studied.
Material and methods
In this study, the term "postural arm" is used to denote the arm which is loaded and unloaded, and the term "active arm" to denote the arm performing the voluntary unloading movement.
Experimental arrangement
The experimental arrangement was the same as that described in previous papers." 12 The subjects were seated, with their gaze fixed horizontally on a distant point in front of them. Their postural arm was maintained vertically beside their body, by a semi-circular holder placed above the elbow (fig 1) . They were requested to maintain the forearm in a horizontal position, holding the wrist semi-prone. With this forearm, subjects had to hold up a little tray (F) fitted with strain gauges on which was placed a 1 kg weight (L). A linear potentiometer (P) was placed on the rotation axis of the elbow joint.
In the imposed unloading situation (A), the experimenter unpredictably removed the weight.
In the voluntary unloading situation (B), the subjects themselves were instructed to take the weight with the other hand when they heard an auditory signal (BIP).
Ten to 15 tests were run in each of the two situations. The subjects' two arms were alternated symmetrically as to which arm performed the voluntary movement and which supported the weight.
Measurements
The parameters recorded are given in fig 2. The change in force was measured by the strain gauges fitted to the tray.
The angular displacement of the forearm was measured by the potentiometer. The EMG recordings were obtained by means of pairs of surface electrodes placed 2 to 3 cm apart on the main part of the brachioradialis muscle of the postural arm and that of the biceps muscle of the active arm. The amplified EMG activity was rectified and integrated with a time constant of lOims. All the data (change in force.
angular displacement of the forearm, EMG activities) were stored and analysed on a computer with a sampling frequency of 200Hz. The signals were averaged taking the onset of the change in force as the starting (reference) point from which the traces were aligned.
Experimental v,ariables
The variables of interest in the voluntary movement were as follows: the reaction time (RT), which was defined as the time elapsing between the onset of the auditory signal and the beginning of the change in force, and the movement time (MT), which corresponded to the duration of unloading or the time elapsing between the beginning and the end of the change in force from I to 0 kg.
The co-ordination between posture and movement was measured indirectly, taking as a quantitative index the relative amplitude of the elbow rotation (Ar), which was calculated in terms of the following relation between the angular displacements obtained after voluntary (Av) and imposed (Ai) unloading:
Ar(%) = Av/Ai x 100 The EMG activity of the brachioradialis muscle in the postural arm was measured using a scale on which zero activity (level 0) was taken to be that obtained with the forearm resting on a support, after waiting till the EMG became silent, and maximum activity (level 1 0) that obtained with the horizontal forearm supporting a 1 kg load. The EMG inhibition observed when unloading occurred was then plot-I Imposed unloading P. Nine patients were being treated with dopamine agonists (levodopa associated with a DOPAdecarboxylase inhibitor, or bromocriptine or piribedil); the other five were undergoing no treatment at the time of the study.
The RTs were not measured in two patients. Also, EMG analysis could not be interpreted in three patients with particularly pronounced tremor. A control group of five normal subjects was set up from among hospital patient volunteers with no cerebral lesions. These patients were also righthanded. Their average age was 604 years (range 45-77 years).
Results
Qualitative study Figure 2 illustrates the results obtained with a normal subject. In the imposed unloading situation, the change in force was followed by an upward angular displacement of the elbow. In the brachioradialis muscle of the postural arm, an inhibition of EMG activity was observed with a latency of 30 ms in relation to the onset of the change in force. In the voluntary unloading situation, the amplitude of the angular displacement of the elbow was found to be smaller than under imposed unloading. The inhibition of the EMG activity of the postural brachioradialis muscle was practically synchronous with the increase in EMG activity observed in the "active" arm biceps. This anticipatory inhibition was found to occur about 20 ms before the change in force. Figure 3 gives the data obtained with a Parkinsonian patient. In the imposed unloading situation, the results (angular displacement of the elbow, reflex inhibition of EMG activity in the brachioradialis muscle) were comparable to those produced by Performance of a bimanual load-lifting task by Parkinsonian patients normal subjects. For example, the mean value of the elbow rotation (Ai) in the control subjects was 6°v ersus 6°'5 in the Parkinsonian patients. 
Effects of anti-Parkinson drugs
Here again statistical analysis was carried out with non-parametric methods (Mann-Whitney's U-test) to compare the group of patients receiving no treatment (N = 5) with those under treatment (N = 9). The results obtained (fig 6) show that the mean RT values were significantly lower in the treated patients (209 6 ms) than in those receiving no treatment (264 3 ms). This was also found to be the case with the MTs which were lower in the treated (247-3 ms) than the non-treated patients (323-4ms). No By analysing the EMG activity in the brachioradialis of the postural arm, it was possible to discern more clearly how the postural command was impaired: the anticipatory EMG inhibition consistently observed prior to the change in force in the recordings from the normal subjects (10 out of 10) was lacking in more than half of the recordings obtained with the Parkinsonian group (13 out of 22) . This indicates a trend in Parkinsonians to shift from a feedforward to a feedback mode of control. Furthermore, the inhibition of EMG activity was significantly less in the Parkinsonian patients than in the normal subjects. This probably means that these patients are less able to compensate in advance for the forearm rotation. However, in rigid patients with higher levels of initial contraction the possibility that real extent of inhibition may have been underestimated here cannot be excluded.
The findings that co-ordination between posture and movement is impaired in Parkinsonian patients confirms previous clinical data. 3 Traub et al3 have studied the postural adjustment at sural triceps level resulting from an external disturbance applied to an upper limb and reported a loss of postural anticipation in 12 Parkinsonians out of the 29 studied. Moreover, the mean value of the change in the EMG activity of the sural triceps was significantly less in the 1280
Performance of a bimanual load-lifting task by Parkinsonian patients Parkinsonian than in the normal subjects. It should be pointed out, however, that the reflex postural adjustment studied by Traub et al'3 is not strictly comparable with that associated with the voluntary movement analysed in the present study.
How to interpret this impaired co-ordination between posture and movement in Parkinsonian patients is still largely a matter of conjecture as far as our present understanding of the bimanual unloading task is concerned. Two hypotheses can be suggested, however, to explain how this co-ordination is organised. According to the first, the systems serving to command the voluntary movement and the postural adjustment can be thought of as being separate; they might however be synchronised at some supraspinal level which has still to be determined. According to the second hypothesis, a single command may operate at spinal level, co-ordinating the voluntary movement with the postural stance. Triggering of the voluntary movement might generate an internal message of the collateral type involving a coding of the specific parameters of the voluntary movement, so that an appropriate command might be delivered to the postural arm. Some experimental data on bimanual unloading in normal subjects argue in favour of this idea. For example, the anticipatory character of the postural command was no longer observed when subjects had to trigger the unloading voluntarily by switching off an electromagnet.'2 If, however, subjects voluntarily triggered the unloading by means of a force command that alleviated the load indirectly, postural anticipation re-appeared.25 Both normal and Parkinsonian subjects were found in our study to develop the same force (1 kg) during the voluntary movement. If one takes the duration of unloading (MT) into account, however, the Parkinsonians were found to take longer so that the slope of their unloading curve (df/dt) was not as steep as that of the normal subjects. The decrease in this slope to below a hypothetical threshold (which still remains to be specified, and may depend on certain experimental conditions) might be accompanied by the loss of the anticipatory character of the postural command. In order to check on this interpretation, the MT values were compared between two groups of Parkinsonians, in one of which the brachioradialis EMG recordings showed signs of postural anticipation, and in the other, none. The mean MT value was significantly higher (p < 005) in the "no anticipation" group (334-6 + 93 0) than in the "anticipation" group (262-2 + 971 ms). A complementary, parallel interpretation might be proposed, based on the strategy or "motor plan" concept. Effects of handedness The bimanual task used in this study corresponds to a fairly common motor situation in everyday life, obviously involving a slight lateralisation factor which depends on the subject's handedness. The coordination between movement and posture involved in this situation may be listed, so to speak, in a "repertoire" of stereotyped movements. In terms of complexity, this task probably comes quite low on the list with normal subjects, who produced identical results whichever hand performed the voluntary movement. This was not the case with the Parkinsonian patients, whose results were less impaired when the task was performed with the preferred hand. More specifically, the results of patients undergoing no treatment showed symmetrical impairment on both sides; whereas in patients under treatment, the movement time and the postural command showed less impairment when the voluntary movement was performed with the preferred hand than with the contralateral hand. The level of complexity can thus be said to have been lower when the task was performed with the preferred hand. In fact, it may be that the impaired processes underlying automatic bimanual co-ordination are more easily recovered when the voluntary movement is carried out by the preferred hand.
Conclusion
Analysis of the co-ordination between posture and movement in Parkinsonian subjects performing a bimanual task is an original, fairly straightforward approach. The results obtained confirm that the initiation and execution of the voluntary movement studied here slow down during Parkinson's disease. The postural command associated with the voluntary movement was furthermore found to be impaired both qualitatively (loss of its anticipatory character) Viallet, Massion, Massarino, Khalil and quantitatively (decrease in EMG inhibition in the flexor muscles of the postural arm), which caused an inability to maintain the position of the unloaded forearm, as shown by the anomalous increase in the angular displacement. By conducting further investigations on a larger number of patients, it should be possible in the future to show that this can be a useful method for quantitatively assessing motor disorders in Parkinsonians, so as to be able to observe the course of the disease more closely and adapt the treatment accordingly.
